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Computing Concepts 

 

Objectives

 

• To understand fundamental computer concepts.
• To understand the notions of personal computing, 

distributed computing and client/server 
computing.

• To become familiar with different types of 
programming languages.

• To become familiar with the history of the Visual 
Basic programming language.

• To understand the role Visual Basic and VBScript 
play in developing applications for the Internet and 
the World Wide Web.

• To understand the kinds of multimedia 
applications you can create with Visual Basic, 
including graphics, images, animation, audio and 
video.

• To understand the role ActiveX components play 
in developing Visual Basic Applications. 

 

High thoughts must have high language.

 

Aristophanes

 

Our life is frittered away by detail … Simplify, simplify.

 

Henry Thoreau

 

Things are always at their best in their beginning.

 

Blaise Pascal
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1.1  Introduction

 

Welcome to Visual Basic! We have worked hard to create what we hope will be an infor-
mative, entertaining and challenging learning experience for you. The core of the book em-
phasizes achieving program clarity through the proven techniques of structured
programming, event-driven programming and object-oriented programming. Nonprogram-
mers will learn programming the right way from the beginning. We have attempted to write
in a clear and straightforward manner. The book is abundantly illustrated. Perhaps most im-
portant, the book presents hundreds of working Visual Basic programs and shows the out-
puts produced when those programs are run on a computer. 

The first five chapters introduce the fundamentals of computers, computer program-
ming, and the Visual Basic computer programming language. Novices who have taken our
courses tell us that the material in those chapters presents a solid foundation for the deeper
treatment of Visual Basic in Chapters 6 through 21. Experienced programmers typically
read the first five chapters quickly and then find that the treatment of Visual Basic in Chap-
ters 6 through 21 is both rigorous and challenging. 

Many experienced programmers have told us that they appreciate our treatment of
structured programming. Often they have been programming in structured languages like
COBOL or Pascal, but because they were never formally introduced to the principles of
structured programming, they are not writing the best possible code in these languages. As
they review structured programming in the early chapters of this book, they are able to
improve their programming styles. So whether you are a novice or an experienced pro-
grammer, there is much here to inform, entertain, and challenge you. 

Most people are familiar with the exciting things computers do. Using this textbook,
you will learn how to command computers to do those things. It is 

 

software

 

 (i.e., the
instructions you write to command the computer to perform 

 

actions

 

 and make 

 

decisions

 

)
that controls computers (often referred to as 

 

hardware

 

), and Visual Basic is one of today’s
most popular software development languages.
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The use of computers is increasing in almost every field of endeavor. In an era of
steadily rising costs, computing costs have been decreasing dramatically because of the
rapid developments in both hardware and software technology. Computers that might have
filled large rooms and cost millions of dollars 15 years ago can now be inscribed on the sur-
faces of silicon chips smaller than a fingernail that cost perhaps a few dollars each. Ironi-
cally, silicon is one of the most abundant materials on the earth—it is an ingredient in
common sand. Silicon chip technology has made computing so economical that more than
200 million general-purpose computers are in use worldwide, helping people in business,
industry, government and their personal lives. That number could easily double in the next
few years.

Your peers from just a few years ago probably learned the programming methodology
called 

 

structured programming

 

. You will learn structured programming as well as the
exciting newer methodologies 

 

event-driven programming and object-oriented program-
ming

 

. Why do we teach these methodologies? We certainly anticipate that object-oriented
programming and event-driven programming will be the key programming methodologies
for the next decade. So you will work with many objects and events in this course. But you
will discover that the internal structure of those objects is often best built using structured
programming techniques. Also, the logic of manipulating objects is occasionally best
expressed with structured programming.

 

1.2  What Is a Computer?

 

A 

 

computer

 

 is a device capable of performing computations and making logical decisions
at speeds millions, and even billions, of times faster than human beings can. For example,
many of today’s personal computers can perform hundreds of millions of additions per sec-
ond. A person operating a desk calculator might require a lifetime to complete the same
number of calculations that a powerful personal computer can perform in 1 second. (Points
to ponder: How would you know whether the person added the numbers correctly? How
would you know whether the computer added the numbers correctly?) Today’s fastest 

 

su-
percomputers

 

 can perform hundreds of billions of additions per second—about as many
calculations as hundreds of thousands of people could perform in one year! And trillion-
instruction-per-second computers are already functioning in research laboratories!

Computers process 

 

data

 

 under the control of sets of instructions called 

 

computer pro-
grams

 

. These computer programs guide the computer through orderly sets of actions spec-
ified by people called 

 

computer programmers

 

.
The various 

 

devices

 

 (such as the 

 

keyboard

 

, 

 

screen

 

, 

 

disks

 

, 

 

memory

 

 and 

 

processing
units

 

) that comprise a computer system are referred to as 

 

hardware

 

. The computer pro-
grams that run on a computer are referred to as 

 

software

 

. Hardware costs have been
declining dramatically in recent years, to the point that personal computers have become a
commodity. Unfortunately, software development costs have been rising steadily as pro-
grammers develop ever more powerful and complex applications without being able to
improve the technology of software development. In this book you will learn proven soft-
ware development methods that can reduce software development costs—

 

structured pro-
gramming, top-down stepwise refinement, functionalization, event-driven programming

 

and

 

 object-oriented programming

 

. 
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1.3  Computer Organization

 

Regardless of differences in physical appearance, virtually every computer may be envi-
sioned as being divided into six 

 

logical units

 

 or sections. These are:

1.  

 

Input unit

 

. This is the “receiving” section of the computer. It obtains information
(data and computer programs) from various 

 

input devices

 

 and places this informa-
tion at the disposal of the other units so that the information may be processed.
Most information is entered into computers today through typewriter-like key-
boards and “mouse” devices. In the future, perhaps most information will be en-
tered by speaking to your computer and by video.

2.  

 

Output unit

 

. This is the “shipping” section of the computer. It takes information
that has been processed by the computer and places it on various 

 

output devices

 

 to
make the information available for use outside the computer. Most information
output from computers today is displayed on screens, printed on paper, or used to
control other devices.

3.  

 

Memory unit

 

. This is the rapid access, relatively low-capacity “warehouse” sec-
tion of the computer. It retains information that has been entered through the input
unit so that the information may be made immediately available for processing
when it is needed. The memory unit also retains information that has already been
processed until that information can be placed on output devices by the output
unit. The memory unit is often called either 

 

memory

 

 or 

 

primary memory

 

.

4.  

 

Arithmetic and logic unit 

 

(

 

ALU

 

). This is the “manufacturing” section of the com-
puter. It is responsible for performing calculations such as addition, subtraction,
multiplication, and division. It contains the decision mechanisms that allow the
computer for example, to compare two items from the memory unit to determine
whether or not they are equal.

5.  

 

Central processing unit 

 

(

 

CPU

 

). This is the “administrative” section of the com-
puter. It is the computer’s coordinator and is responsible for supervising the oper-
ation of the other sections. The CPU tells the input unit when information should
be read into the memory unit, tells the ALU when information from the memory
unit should be utilized in calculations, and tells the output unit when to send infor-
mation from the memory unit to certain output devices.

6.  

 

Secondary storage unit

 

. This is the long-term, high-capacity “warehousing” sec-
tion of the computer. Programs or data not actively being used by the other units
are normally placed on secondary storage devices (such as disks) until they are
again needed, possibly hours, days, months, or even years later. Information in
secondary storage takes much longer to access than information in primary mem-
ory. The cost per unit of secondary storage is much less than the cost per unit of
primary memory. 

 

1.4  Evolution of Operating Systems

 

Early computers were capable of performing only one 

 

job

 

 or 

 

task

 

 at a time. This form of
computer operation is often called single-user 

 

batch processing

 

. The computer runs a single
program at a time while processing data in groups or 

 

batches

 

. In these early systems, users
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generally submitted their jobs to the computer center on decks of punched cards. Users of-
ten had to wait hours or even days before printouts were returned to their desks.

Software systems called 

 

operating

 

 

 

systems

 

 were developed to help make it more con-
venient to use computers. Early operating systems managed the smooth transition between
jobs. This minimized the time it took for computer operators to switch between jobs, and
hence increased the amount of work, or 

 

throughput

 

, computers could process.
As computers became more powerful, it became evident that single-user batch pro-

cessing rarely utilized the computer’s resources efficiently. Instead, it was thought that
many jobs or tasks could be made to 

 

share

 

 the resources of the computer to achieve better
utilization. This is called 

 

multiprogramming

 

. Multiprogramming involves the “simulta-
neous” operation of many jobs on the computer—the computer shares its resources among
the jobs competing for its attention. With early multiprogramming operating systems, users
still submitted jobs on decks of punched cards and waited hours or days for results.

In the 1960s, several groups in industry and the universities pioneered 

 

timesharing

 

operating systems. Timesharing is a special case of multiprogramming in which users
access the computer through 

 

terminals

 

, typically devices with keyboards and screens. In a
typical timesharing computer system, there may be dozens or even hundreds of users
sharing the computer at once. The computer does not actually run all the users simulta-
neously. Rather, it runs a small portion of one user’s job and then moves on to service the
next user. The computer does this so quickly that it may provide service to each user several
times per second. Thus the users’ programs 

 

appear

 

 to be running simultaneously. An
advantage of timesharing is that the user receives almost immediate responses to requests
rather than having to wait long periods for results as with previous modes of computing.

 

1.5  Personal Computing, Distributed Computing, and Client/Server 
Computing

 

In 1977, Apple Computer popularized the phenomenon of

 

 personal computing

 

. Initially, it
was a hobbyist’s dream. Computers became economical enough for people to buy them for
their own personal or business use. In 1981, IBM, the world’s largest computer vendor, in-
troduced the IBM Personal Computer. Literally overnight, personal computing became le-
gitimate in business, industry and government organizations.

But these computers were “stand-alone” units—people did their work on their own
machines and then transported disks back and forth to share information (sometimes called
“sneakernet”). Although early personal computers were not powerful enough to timeshare
several users, these machines could be linked together in computer networks, sometimes
over telephone lines and sometimes in 

 

local area networks 

 

(

 

LANs

 

) within an organization.
This led to the phenomenon of 

 

distributed computing

 

 in which an organization’s com-
puting, instead of being performed strictly at some central computer installation, is distrib-
uted over networks to the sites at which the real work of the organization is performed.
Personal computers were powerful enough to handle the computing requirements of indi-
vidual users, and to handle the basic communications tasks of passing information back and
forth electronically.

Today’s most powerful personal computers are as powerful as the million-dollar
machines of just a decade ago. The most powerful desktop machines—called 

 

worksta-
tions

 

—provide individual users with enormous capabilities. Information is easily shared
across computer networks where computers called 

 

servers

 

 offer a common store of pro-
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grams and data that may be used by 

 

client computers

 

 distributed throughout the network,
hence the term 

 

client/server computing

 

. C and C++ have become the programming lan-
guages of choice for writing software for operating systems, for computer networking and
for distributed client/server applications. Today’s popular operating systems, such as
UNIX and Windows NT, provide the kinds of capabilities discussed in this section. Visual
Basic has become the premier client/server applications development language on
Microsoft-based systems.

 

1.6  Machine Languages, Assembly Languages, and High-level 
Languages

 

Programmers write instructions in various programming languages, some directly under-
standable by the computer and others that require intermediate 

 

translation

 

 steps. Hundreds
of computer languages are in use today. These may be divided into three general types:

1.  Machine languages

2.  Assembly languages

3.  High-level languages

Any computer can directly understand only its own 

 

machine language

 

. Machine lan-
guage is the “natural language” of a particular computer. It is defined by the hardware
design of that computer. Machine languages generally consist of strings of numbers (ulti-
mately reduced to 1s and 0s) that instruct computers to perform their most elementary oper-
ations one at a time. Machine languages are 

 

machine-dependent

 

 (i.e., a particular machine
language can be used on only one type of computer). Machine languages are cumbersome
for humans, as can be seen by the following section of a machine language program that
adds overtime pay to base pay and stores the result in gross pay:

 

+1300042774
+1400593419
+1200274027

 

As computers became more popular, it became apparent that writing machine language
programs was simply too slow and tedious a process for most programmers. Instead of us-
ing the strings of numbers that computers could directly understand, programmers began
using English-like abbreviations to represent the elementary operations of the computer.
These English-like abbreviations formed the basis of 

 

assembly languages

 

. 

 

Translator pro-
grams

 

 called 

 

assemblers

 

 were developed to convert assembly language programs to ma-
chine language at computer speeds. The following section of an assembly language
program also adds overtime pay to base pay and stores the result in gross pay, but more
clearly than its machine language equivalent:

 

LOAD   BASEPAY
ADD    OVERPAY
STORE  GROSSPAY

 

Although such code is clearer to humans, it is incomprehensible to computers until trans-
lated to machine language.

Computer usage increased rapidly with the advent of assembly languages, but these
still required many instructions to accomplish even the simplest tasks. To speed the pro-
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gramming process, 

 

high-level languages

 

 were developed in which single statements could
be written to accomplish substantial tasks. The translator programs that convert high-level
language programs into machine language are called 

 

compilers

 

. High-level languages
allow programmers to write instructions that look almost like everyday English and contain
commonly used mathematical notations. A payroll program written in a high-level lan-
guage might contain a statement such as

 

grossPay = basePay + overTimePay

 

Obviously, high-level languages are much more desirable from the programmer’s
standpoint than either machine languages or assembly languages. Visual Basic is the
world’s most widely used high-level language. 

The process of compiling a high-level language program into machine language can
take a considerable amount of computer time. 

 

Interpreter

 

 programs were developed that
can directly execute high-level language programs without the need for compiling those
programs into machine language. Although interpreted programs run slower than compiled
programs, interpreted programs begin execution immediately without suffering a some-
times substantial compilation delay. Visual Basic is an example of an interpreted language.
Interpreters are popular in program-development environments in which programs are
recompiled frequently and executed only briefly as new features are added and errors are
corrected. Once a program is developed, a compiled version can be produced to run most
efficiently. With recent versions of Visual Basic, programmers can compile Visual Basic
programs to produce machine language 

 

executables

 

 that run at the high speeds previously
attributed only to languages like C and C++. This and the many exciting new Visual Basic
6 features will secure Visual Basic’s position as the world’s foremost application develop-
ment language for many years to come.

 

1.7  History of Visual Basic

 

Visual Basic evolved from BASIC (Beginner's All-purpose Symbolic Instruction Code).
BASIC was developed in the mid-1960s by Professors John Kemeny and Thomas Kurtz of
Dartmouth College as a language for writing simple programs. BASIC's primary purpose
was to help people learn how to program.

The widespread use of BASIC with various types of computers (sometimes called
hardware platforms) led to many enhancements to the language. With the development of
the Microsoft Windows 

 

graphical user interface

 

 (GUI) in the late 1980s and the early
1990s, the natural evolution of BASIC was Visual Basic, which was created by Microsoft
Corporation in 1991. 

Until Visual Basic appeared, developing Microsoft Windows-based applications was
a difficult and cumbersome process. Visual Basic greatly simplifies Windows application
development. Since 1991 six versions have been released, with the latest—Visual Basic
6—appearing in September 1998. 

1.8   Other High-level Languages
Hundreds of high-level languages have been developed, but only a few have achieved
broad acceptance. FORTRAN (FORmula TRANslator) was developed by IBM Corporation
between 1954 and 1957 to be used for scientific and engineering applications that require
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complex mathematical computations. FORTRAN is still widely used, especially in engi-
neering applications.

COBOL (COmmon Business Oriented Language) was developed in 1959 by a group
of computer manufacturers and government and industrial computer users. COBOL is used
primarily for commercial applications that require precise and efficient manipulation of
large amounts of data. Today, about half of all business software is still programmed in
COBOL. Approximately 1 million people are actively writing COBOL programs. Use of
COBOL had been declining dramatically for many years. But in the late 1990s COBOL
programmers were once again in big demand to help repair the many software systems from
the widely publicized “Year 2000” computer problem (or glitch).

C was developed by Dennis Richie at Bell Laboratories in 1972. C is one of the most
popular system implementation languages in industry; it was first used to develop the
UNIX operating system. 

Pascal was designed at about the same time as C. It was created by Professor Nicklaus
Wirth and was intended for academic use. We will say more about Pascal in the next sec-
tion.

C++ , an extension of C, was developed by Bjarne Stroustrup in the early 1980s at Bell
Laboratories. C++ provides a number of features that “spruce up” the C language and add
capabilities for doing so-called object-oriented programming (OOP). Many people believe
that OOP can greatly improve the software development process. C++ has become the
dominant systems implementation language.

The languages mentioned above are text-based languages. Text-based languages do
not allow the user to work directly with graphics. A special software package is often
required to “add” the graphical elements. These software packages often require the pro-
grammer to write many lines of code in addition to normal program code. 

Visual Basic is an example of a graphical-based language. A graphical-based lan-
guage allows the user to work directly with graphics. Graphical-based languages can be
used to develop Windows programs quickly without having to learn an additional software
package.

Java was developed by Sun Microsystems and released in 1995. Java is based on C and
C++ and incorporates a number of features from other object-oriented languages. Java
includes extensive libraries for doing multimedia, networking, multithreading, graphics,
graphical user interface development, database access, distributed computing and much
more. Microsoft’s version of Java is called Visual J++. Many people believe that Java and
Visual J++ will be the most significant long-term competitors to Visual Basic.

PowerBuilder, developed by Powersoft Corporation, and Delphi, developed by Bor-
land International, are languages that compete with Visual Basic but that have a much
smaller market share.

1.9  Structured Programming
During the 1960s, many large software development efforts encountered severe difficul-
ties. Software schedules were typically late, costs greatly exceeded budgets, and the fin-
ished products were unreliable. People began to realize that software development was a
far more complex activity than they had imagined. Research activity in the 1960s resulted
in the evolution of structured programming—a disciplined approach to writing programs
that are clearer than unstructured programs, easier to test and debug, and easier to modify.
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Chapters 4 and 5 discuss the principles of structured programming with Visual Basic’s con-
trol structures. 

One of the more tangible results of this research was the development of the Pascal
programming language by Nicklaus Wirth in 1971. Pascal, named after the seventeenth-
century mathematician and philosopher Blaise Pascal, was designed for teaching structured
programming in academic environments and rapidly became the preferred programming
language in most colleges. Unfortunately, the language in its early years lacked many fea-
tures needed to make it useful in commercial, industrial, and government applications, so
it did not become widely accepted in these environments. 

The Ada programming language was developed under the sponsorship of the United
States Department of Defense (DOD) during the 1970s and early 1980s. Hundreds of sep-
arate languages were being used to produce DOD’s massive command-and-control soft-
ware systems. DOD wanted a single language that would fulfill most of its needs. Pascal
was chosen as a base, but the final Ada language is quite different from Pascal. The lan-
guage was named after Lady Ada Lovelace, daughter of the poet Lord Byron. Lady Love-
lace is generally credited with writing the world’s first computer program in the early 1800s
(for the Analytical Engine, a mechanical computing device designed by Charles Babbage).
One important capability of Ada is multitasking (called multithreading in other languages);
this allows programmers to specify that many activities are to occur in parallel in individual
programs. The other high-level languages we have discussed generally allow programs to
perform only one activity at a time. (Remember that Java does support multithreading.)

Visual Basic does not directly support multithreading, but multithreaded Visual Basic
programs can be created using Win32 Application Programming Interface (API) functions.
The Win32 API is part of Windows and can be used by any Windows program.

1.10  What Is Visual Basic?
Visual Basic is a Microsoft Windows programming language. Visual Basic programs are
created in an Integrated Development Environment (IDE). The IDE allows the programmer
to create, run and debug Visual Basic programs conveniently. IDEs allow a programmer to
create working programs in a fraction of the time that it would normally take to code pro-
grams without using IDEs. We discuss the Visual Basic IDE in Chapter 2. The process of
rapidly creating an application is typically referred to as Rapid Application Development
(RAD). Visual Basic is the world’s most widely used RAD language.

Visual Basic is derived from the BASIC programming language. Visual Basic is a dis-
tinctly different language providing powerful features such as graphical user interfaces,
event handling, access to the Win32 API, object-oriented features, error handling, struc-
tured programming, and much more.

Software Engineering Observation 1.1

The Visual Basic IDE allows Windows programs to be created without the need for the 
programmer to be a Windows programming expert.  1.1

Microsoft provides several versions of Visual Basic, namely the Learning Edition, the
Professional Edition and the Enterprise Edition. The Learning Edition provides funda-
mental programming capabilities. The Professional Edition provides a much richer set of
programming capabilities than the Learning Edition and is the choice of many program-
mers to write Visual Basic applications. The Enterprise Edition is used for developing
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large-scale computing systems that meet the needs of substantial organizations. Students
using this book will prefer the Learning Edition or the Professional Edition. Programmers
working in industry will prefer the Professional Edition or the Enterprise Edition.

Visual Basic is an interpreted language. However, the Professional and Enterprise Edi-
tion allows Visual Basic code to be compiled to native code (i.e., machine language code).

1.11  General Notes About Visual Basic and This Book
Experienced programmers sometimes take pride in being able to create some weird, con-
torted, convoluted usage of a language. This is a poor programming practice. It makes pro-
grams more difficult to read, more likely to behave strangely, more difficult to test and
debug, and more difficult to adapt to changing requirements. This book is geared for novice
programmers, so we stress clarity. The following is our first “good programming practice.” 

Good Programming Practice 1.1

Write your Visual Basic programs in a simple and straightforward manner. This is some-
times referred to as KIS (“keep it simple”). Do not “stretch” the language by trying bizarre
usages.  1.1

We will include many of these tips throughout the text to highlight those practices that
can help you write programs that are clearer, more understandable, higher in performance,
more maintainable and easier to test and debug. These practices are only guidelines; you
will, no doubt, develop your own preferred programming style. We will also highlight
Common Programming Errors (problems to watch out for so you do not make these errors
in your programs), Performance Tips (techniques that will help you write programs that run
faster and use less memory), Portability Tips (techniques that will help you write programs
that can run, with little or no modification, on a variety of computers), Software Engi-
neering Observations (thoughts and concepts that affect and improve the overall architec-
ture of a software system, and particularly, of large software systems), Testing and
Debugging Tips (techniques that will help you remove bugs from your programs and, more
important, techniques that will help you write bug-free programs to begin with) and Look-
and-Feel Observations (explanations of how to write Visual Basic programs that conform
to accepted standards in the appearance and operation of Microsoft Windows programs). 

We have done a careful walkthrough of Microsoft Visual Basic documentation and
audited our presentation against it for completeness and accuracy. However, Visual Basic
is a rich language, and there are some subtleties in the language and some advanced sub-
jects we have not covered. If you need additional technical details, we suggest that you read
the most current draft of the Microsoft documentation. 

Portability Tip 1.1

Some features of the current versions of Visual Basic are not compatible with older Visual
Basic implementations, so you may find that some of the programs in this text do not work
with older versions.  1.1

Good Programming Practice 1.2 

Read the documentation for the version of Visual Basic you are using. Refer to these manuals
frequently to be sure that you are aware of the rich collection of Visual Basic features and
are using these features correctly.    1.2
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1.12  A Tour of the Book
You are about to study the most widely used Microsoft Windows programming language
in the world. Mastering Visual Basic will help you develop powerful business and personal
computer applications software. In this section we take a tour of the many exciting capabil-
ities of Visual Basic you will study in Visual Basic 6 How to Program.

Chapter 1: Computing Concepts
Chapter 1, “Computing Concepts,” discusses the history of computing and introduces key
basic computing concepts. You do not do any programming in Chapter 1. Rather, you are
introduced to the “lingo” of the field to help you appreciate the material in the remaining
chapters. 

Chapter 2: Integrated Development Environment
Of course, you are reading this book to learn how to program computers with Visual Basic
6. Visual Basic uses a technique called visual programming which makes developing Win-
dows-based programs fun to do as well as a more productive and efficient process. Chapter
2, “Integrated Development Environment,” discusses Visual Basic’s Integrated Develop-
ment Environment (IDE) tools and walks you step-by-step through a simple example of vi-
sual programming. You will be amazed at how easy it is to develop programs visually. In
this example, we will let Visual Basic do most of the work for you. 

Chapter 3: Introduction to Visual Basic Programming
In Chapter 3, “Introduction to Visual Basic Programming,” we begin the serious discussion
of programming in Visual Basic. You will learn how to read (or input) data from the key-
board, perform simple calculations, and write (or output) data to the screen. You will also
learn about how data is represented inside computers as integers, numbers with decimal
points, character strings and the like. 

Chapters 4 and 5: Control Structures Parts I and II
When we write computer programs, we are concerned primarily with two things, namely
the actions we would like the computer to perform and the order in which we would like
the computer to perform those actions. In Chapter 4, “Control Structures: Part I,” and Chap-
ter 5, “Control Structures: Part II,” we discuss various types of actions, including input ac-
tions, calculation actions and output actions. We also discuss how to specify the order in
which a program’s actions should be performed. This is done by using control structures,
namely sequence structures (which specify several actions should be performed one after
the other “in sequence”), selection structures (which enable a program to choose among
different actions to be performed under different conditions) and repetition structures
(which enable a program to repeat actions until the program determines that no further rep-
etitions are needed).

Chapter 6: Sub Procedures and Function Procedures
Most programs that students write are small. But “real-world” programs that programmers
write in industry can be quite large. Experience has shown that writing large programs as
one large piece, so-called monolithic construction, can be a recipe for disaster. Such pro-
grams are hard to write, test, debug, document and update with new features (such updating
is often called program maintenance). It is best to break large programs into sets of small,
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simple, cooperating components, a technique called divide and conquer. Chapter 6, “Sub
Procedures and Function Procedures,” discusses the packaging of these small cooperating
pieces into units called procedures. Programs written this way are often much easier to de-
velop and maintain than monolithic programs.

Chapter 7: Arrays
The pieces of data that our programs process are sometimes quite independent of one an-
other, such as a person’s weight and a salesperson’s sales for last month. Often, however,
programs process data items that are closely related, such as the weights of all the players
on one team, or the set of a salesperson’s monthly sales figures for the last twelve months.
In Visual Basic programs it is common to store sets of related data items in arrays. Chapter
7, “Arrays,” discusses how to create and manipulate the data we store in arrays.

Chapter 8: Strings, Dates and Times
We all use characters, words and sentences. Computers do not just process numeric data.
Chapter 8, “Strings, Dates and Times” explains how to manipulate individual characters as
well as strings of characters that form units like words and sentences. These techniques are
especially useful to application developers who create software like word processors, elec-
tronic mail packages and the page composition packages like the one we used to write and
typeset this book. 

Chapter 9: Graphics
Everyone loves to draw. Chapter 9, “Graphics,” discusses how to create Visual Basic pro-
grams that draw. You can create programs that let the user draw with devices like the
mouse. You will learn how to command Visual Basic to draw lines, arcs, circles, ellipses,
rectangles and many other common shapes. Today, many artists (including the one who
created the cover of this book and our friendly bug characters) generate their art with the
assistance of graphics software packages. 

Chapter 10: Basic Graphical User Interface Concepts and Chapter 11: Advanced Graph-
ical User Interface Concepts
People communicate with the world around them through the five senses of sight, sound,
smell, touch and taste. Strangely, until only 15 years ago, most people communicated with
computers through typing and reading individual characters. This is extremely slow (re-
ferred to as “low bandwidth” in computer parlance) because most of us are not particularly
good typists and because individual characters do not convey much information. It is also
slow because commanding the computer by typing characters requires computer users to
memorize long lists of complicated commands, so users are often forced to plow through
lengthy documentation to locate the appropriate keystroke sequences. In 1984, this situa-
tion changed dramatically when Apple Computer introduced graphical user interface
(GUI) technology with its Macintosh line of personal computers. This technology, based
on pioneering research done at Xerox’s Palo Alto Research Center (PARC) in the early
1970s, made it much easier for users to communicate with computers. People began using
the mouse device to point to things on the screen representing the actions the computer
should take (such as opening, saving, printing or closing a file), and clicking a mouse button
to select a desired action. The term user friendly became extremely popular and within a
few years Microsoft followed with its Windows operating system, bringing user-friendly
graphical user interfaces to the vast majority of personal computers. Chapter 10, “Basic
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Graphical User Interface Concepts,” and Chapter 11, “Advanced Graphical User Interface
Concepts,” discuss how to create user-friendly graphical user interfaces with Visual Basic.
You will learn how to display menus, buttons, text boxes and many other GUI components
(also called controls) to make your applications user friendly. Hold onto your seats, though,
because as powerful as GUI is, it is not the “ultimate” user interface. We will say more
about this when we discuss Chapter 20, “Multimedia,” below. 

Chapter 12: Mouse and Keyboard
In Chapter 12, “Mouse and Keyboard,” you will learn much more about working with the
mouse and the keyboard. We discuss how to change the shape of the mouse pointer, how
to process mouse events (such as pressing a mouse button down, releasing a mouse button
and moving the mouse), how to interact with mouse devices that have several buttons, how
to use the mouse to drag items on the screen and drop them somewhere else, and how to
respond to various keyboard events.

Chapter 13: Error Handling and Debugging
Most of us are familiar with “Murphy’s Law,” which states: “If something can go wrong it
will, and probably at the most inopportune time.” Given that many of today’s computers
perform hundreds of millions of operations per second, things can go wrong awfully fast
and incredibly often. Chapter 13, “Error Handling and Debugging,” discusses how to track
down and remove errors from Visual Basic programs (a processing called debugging). Per-
haps even more important, the chapter discusses how to deal with exceptional situations
that occur as a program runs. The point is that we need our systems to keep running, even
in the face of problems that may develop as the programs run. Businesses such as super-
markets depend on computers to keep running to prevent customers from being inconve-
nienced, so we build business-critical systems. Organizations in the United States like
NASA (the National Aeronautics and Space Administration) and the FAA (Federal Avia-
tion Administration) have a deeper responsibility. If computers guiding spaceflights or
commercial airliners fail, human lives could be lost, so NASA, the FAA, the military and
other organizations are concerned with mission-critical computing. Visual Basic is a seri-
ous programming language for developing business-critical applications. Mission-critical
applications are still more likely to be programmed in languages like C, C++ and Ada.
Chapter 13 discusses Visual Basic features that improve program reliability.

Chapter 14: Sequential File Processing
When we use computers to process information, we may need to store that information for
long periods of time on the computer. Such information is said to be persistent and is typ-
ically stored in files on devices like hard disks. Perhaps the simplest way to store persistent
information is in sequential files. These files are organized to be processed in much the
same way as you would read a novel. You read the first chapter first, the next chapter sec-
ond, the next chapter third, etc. Chapter 14, “Sequential File Processing,” discusses how to
create and manipulate sequential files. Sequential files are appropriate when you are going
to process most or all of the data in the file when you run a particular application.

Chapter 15: Records and Random-Access Files
Another popular means for storing files is random-access files, in which individual pieces
of data may be referenced without having to process sequentially all of the information that
precedes that data in the file. Random-access files are particularly effective for transaction-
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processing systems such as point-of-sale systems in stores and supermarkets. When a
checkout person runs your milk carton by a bar-code reader, a computer system “looks up”
the number coded in the bar code in a local random-access file to determine the name of the
product and its price. This information is then used to prepare your receipt and determine
your total bill. One store could have tens of thousands of different items. Sequential files
would be inappropriate for this type of application because reading virtually every entry in
the file before the one you need could take a great deal of time, creating long lines at check-
out counters. Chapter 15, “Records and Random-Access Files,” presents several live-code
examples of creating and manipulating data stored in random-access files. 

Chapter 16: Object-Oriented Programming
People time is precious. Programmer time is precious. Programmers need programming
languages that will enable them to design and build systems quickly and effectively. If the
people who build houses had to work with the individual molecules that go into all the com-
ponents of a house, it would take forever to build houses. Home builders have long recog-
nized that it is best to build houses from two-by-fours, bricks, doors, windows and other
prebuilt components, rather than working directly with the molecules that comprise these
components. Strangely, programmers have tended to build computer software systems
from “software molecules.” Given the complexity and volume of software we need to build
to meet the world’s software demand, it is no longer feasible for us to work at this level of
detail. We need to work at the levels of “software doors, windows, bricks and two-by-
fours.” This is what object technology lets us do, namely work with software components,
many that are prebuilt and others that we build ourselves and share with our colleagues.
This enables us to build software faster, and if we use high-quality components, better.
Chapter 16, “Object-Oriented Programming,” discusses programming with components,
both the kinds you create yourselves and the kinds that other people have created and you
can reuse.

Chapter 17: COM, DCOM and ActiveX
For many of our readers, Chapter 17, “COM, DCOM and ActiveX,” is the most important
chapter in the book. In Chapter 16, we discuss the virtues of object technology. Chapter 17
discusses Microsoft’s object packaging technology called ActiveX. Visual Basic 6 enables
you to build your own ActiveX components and to reuse the thousands of ActiveX compo-
nents that have been created by other programmers worldwide and made available either
free or for a fee. ActiveX components make programming more pleasant. They give you
access to powerful, reusable, reliable software components that perform a great variety of
the most common software tasks. Component-oriented software construction can be tens
or even hundreds of times faster than conventional software development methods. Not
only can you program faster with ActiveX components, but you can also program in areas
in which you may not have a great deal of expertise. ActiveX components encapsulate, or
hide, complexity from programmers in much the same way that a car hides complexity
from a driver. Despite the fact that we know very little about how cars work “on the inside,”
we are able to drive safely and effectively by performing simple actions such as pressing
the accelerator peddle, pressing the brake peddle and turning the steering wheel. This is
what object technology and ActiveX components are all about. To be able to use a car ef-
fectively, we take courses like “Driver’s Ed,” rather than taking courses in mechanical en-
gineering that explain the internal operation of cars. To be able to use ActiveX components
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effectively, we study how to use them, rather than their internal construction. We will learn
that ActiveX components are more than just the “raw objects” we discuss in Chapter 16—
ActiveX components are packaged for ease of use over the Internet! To make ActiveX tech-
nology even more powerful, you can build ActiveX components with any of Microsoft’s
key programming languages like Visual Basic, Visual C++ and Visual J++. Also, no matter
which of these languages is used to build an ActiveX component, the component can be
used in any of them. Thus, when you learn ActiveX technology, you are gaining access to
a huge world of component-oriented software construction.

Chapter 18: Database Management
We’ve mentioned in Chapters 14 and 15 how data is stored and manipulated in sequential
files and random-access files. These are “physical” views. They are oriented to the actual
way the data is physically stored and made available. The trend in the computer field is to
get away from how things are represented in the computer, and instead focus on the way
information is used in real-world applications. Let’s stop thinking about the computer’s
needs and start concentrating on people’s needs. Hardware costs have come crashing down
and they continue declining. People costs keep rising. Today, it is the programmer’s and
user’s time that is precious, not the computer’s time. Database technology gives organiza-
tions easier and faster access to their information than was possible with low-level file-pro-
cessing techniques. Relational databases (the kind we most often use with Visual Basic)
do consist of files, but relational database systems provide a friendlier, more applications-
oriented view to the application developer. Chapter 18, “Database Management,” explains
how to use Visual Basic to create and manipulate databases. Note that most of the database
manipulations we present are done with the convenience and power of easy-to-use ActiveX
controls rather than direct Visual Basic programming.    

Chapter 19: Networking, the Internet and the World Wide Web
Chapter 19, “Networking, the Internet and the World Wide Web,” is a great opportunity for
you to create applications that operate across the Internet and the World Wide Web. As we
enter the next millennium, the Internet and the World Wide Web (which operates over the
Internet) will surely be listed among the most important and profound creations of human-
kind. In the past, most computer applications ran on one computer. Today’s applications
can be written to communicate among the world’s hundreds of millions of computers. The
Internet mixes computing and communications technologies. It makes our work easier. It
makes information instantly and conveniently accessible worldwide. It makes it possible
for individuals and local small businesses to get worldwide exposure. It is changing the na-
ture of the way business is done. People can search for the best prices on virtually any prod-
uct or service. Special-interest communities can stay in touch with one another.
Researchers can be made instantly aware of the latest developments internationally. In this
chapter you will learn how to develop Internet-based applications. You will learn how to
program computers to communicate over the Internet and to search the World Wide Web
for information. In the past, this type of network programming was considered to be so
complex that most programmers would not even consider building these kinds of applica-
tions without enlisting the help of experts in the field. Today, through the convenience and
power of ActiveX controls like those we discuss in Chapter 19, Visual Basic programmers
can develop powerful Internet- and World-Wide-Web-based applications. The controls
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presented in this chapter enable you to incorporate World Wide Web browsing capabilities
into any application, to communicate between applications using the popular protocols of
the Internet and the Web and to download files and HTML documents. This chapter also
introduces you to Visual Basic Script (VBScript). VBScript is a subset of Visual Basic that
is used to enhance the functionality of Web documents being viewed in a Web browser and
to enhance the functionality of applications running on server computers around the world.

Chapter 20: Multimedia: Images, Animation, Audio
We all listen to music, watch television and movies, and enjoy animated characters.
Wouldn’t it be great if we could incorporate those technologies into our computer applica-
tions? Well, with Visual Basic 6 we can make our applications display animations, play
sounds, music and videos, and process two- and three-dimensional graphics. Chapter 20,
“Multimedia: Images, Animation, Audio,” discusses each of these technologies and pro-
vides numerous live-code examples on which you can model your code. You will learn how
to create and manipulate 3D cartoon characters that look like a genie, Merlin the magician,
and a robot. You will learn how to make these characters jump and dance and talk. The
technology is even available to make them recognize your spoken commands! Imagine
that. You can write your own computer applications that will listen to your voice and obey
your spoken commands! In the overview of Chapters 10 and 11, we discussed the notion
of graphical user interfaces. Well, it is our firm belief that within just a few years, users will
no longer be willing to settle for just GUIs. We believe they will demand MUIs (multimedia
user interfaces). Once and for all people will be able to communicate with computers the
way people communicate with one another, using relatively “wide bandwidth” means such
as speech, sight and the other senses. These technologies are in use today, but they will be-
come pervasive over the next decade. The possibilities are mind-boggling. Once again, just
a few years back, programmers would not even consider developing multimedia applica-
tions. The technologies were simply far too complex. Today, through the convenience and
power of ActiveX controls like those we discuss in Chapter 20, Visual Basic programmers
can develop powerful multimedia-based applications. 

Chapter 21: Data Structures, Collections, Dictionaries
Programmers write action statements that process data. In the early years of computing, the
focus of attention was on these actions. Quickly, programmers realized that arranging data
into certain kinds of data structures (such as lists, queues, stacks, trees and others) simpli-
fies program development and improves program performance. Chapter 21, “Data Struc-
tures, Collections, Dictionaries,” discusses many popular data structures, and shows how
to build and use them. Actually, the chapter presents two views. It shows you how to build
key data structures yourself. It also shows you how to implement these data structures sim-
ply by reusing Visual Basic Collection and Dictionary prebuilt components. 

Many readers will already have our interactive multimedia CD software version of
Visual Basic 6 How to Program. This Windows 95/98/NT-based software product is called
the Visual Basic 6 Multimedia Cyber Classroom and it accompanies this textbook in our
Prentice Hall publication called The Complete Visual Basic 6 Training Course. The Visual
Basic 6 Multimedia Cyber Classroom contains extensive interactivity features, including
hyperlinking, text searching and audio walkthroughs of most of the code examples in
Visual Basic 6 How to Program. It also contains solutions to many of the exercises in the
book. Ordering instructions for this CD product are given in the last few pages of this book. 
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Well, there you have it! We have worked hard to create this book and the optional
Cyber Classroom version of the book for you. The book is loaded with live-code examples,
programming tips, self-review exercises and answers, challenging exercises and projects,
and numerous study aids to help you master the material. Despite the word “basic” in its
name, Visual Basic is a serious programming language that will help you write Microsoft
Windows-based programs quickly and effectively. And Visual Basic is a language that
scales nicely into the realm of enterprise systems development to help organizations build
their key business systems. As you read the book, if something is not clear, or if you find
an error, please write to us at deitel@deitel.com . We will make every effort to
respond promptly, and we will post corrections and clarifications on our Web site,
www.deitel.com . We hope you enjoy learning with Visual Basic 6 How to Program as
much as we enjoyed writing it! 

Summary
• A computer is a device capable of performing computations and making logical decisions at

speeds millions, and even billions, of times faster than human beings can. 

• It is software (i.e., the instructions you write to command the computer to perform actions and
make decisions) that controls computers (often referred to as hardware).

• Computers process data using sets of instructions called computer programs. Computer programs
guide the computer through sets of actions specified by people called computer programmers.

• The various devices (such as the keyboard, screen, disks, memory and processing units) that com-
prise a computer system are referred to as hardware. 

• The computer programs that run on a computer are referred to as software. 

• The input unit is the “receiving” section of the computer. It obtains information (data and comput-
er programs) from various input devices. 

• The output unit is the “shipping” section of the computer. It takes information that has been pro-
cessed by the computer and places it on various output devices. 

• The memory unit is the rapid access, relatively low-capacity “warehouse” section of the computer.
The memory unit is often called either memory or primary memory.

• The arithmetic and logic unit (ALU is the “manufacturing” section of the computer. It is respon-
sible for performing calculations and making decisions.

• The central processing unit (CPU) is the “administrative” section of the computer. It is the com-
puter’s coordinator and supervises the operation of the other sections. 

• The secondary storage unit is the long-term, high-capacity “warehousing” section of the computer.
Programs or data not actively being used by the other units are normally placed on secondary stor-
age devices (such as disks) until they are again needed.

• Software systems called operating systems were developed to make it more convenient to use
computers and increase the amount of work, or throughput, computers process.

• Timesharing is a special case of multiprogramming in which users access the computer through
terminals, typically devices with keyboards and screens. The computer runs a small portion of one
user’s job and then moves on to service the next user. The computer does this so quickly that the
users’ programs appear to be running simultaneously.

• In 1977, Apple Computer popularized the phenomenon of personal computing.

• In 1981, IBM, the world’s largest computer vendor, introduced the IBM Personal Computer. This
made personal computing legitimate in business, industry and government.
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• With distributed computing, an organization’s computing, instead of being performed strictly at
some central computer installation, is distributed over networks to various work sites. 

• Information is easily shared across computer networks where some computers called servers offer
a common store of programs and data that may be used by client computers distributed throughout
the network, hence the term client/server computing. 

• C and C++ are the programming languages of choice for writing software for operating systems,
for computer networking, and for distributed client/server applications. 

• Visual Basic is the premier client/server applications development language on Microsoft-based
systems.

• Machine languages generally consist of strings of numbers (ultimately reduced to 1s and 0s) that
instruct computers to perform their most elementary operations one at a time. Machine languages
are machine-dependent (i.e., a machine language can be used on only one type of computer).

• English-like abbreviations form the basis of assembly languages. Translator programs called as-
semblers convert assembly language programs to machine language at computer speeds.

• The translator programs that convert high-level language programs into machine language are
called compilers. High-level languages allow programmers to write instructions that look like En-
glish and contain commonly used mathematical notations. Visual Basic is the world’s most widely
used high-level language. 

• Interpreter programs can directly execute high-level language programs without compiling those
programs into machine language. Historically, Visual Basic has been an interpreted language. Vi-
sual Basic programmers can now compile programs to produce machine language executables that
run at high speeds (as is true with C and C++).

• FORTRAN is used for mathematical, scientific and engineering applications that require complex
computations. COBOL is used for commercial applications that require precise and efficient ma-
nipulation of large amounts of data. 

• C is one of the most popular system implementation languages in industry; it was first used to de-
velop the UNIX operating system. 

• C++, an extension of C, provides a number of features that “spruce up” the C language and add
capabilities for doing object-oriented programming (OOP). C++ has become the dominant sys-
tems implementation language.

• Graphical languages like Visual Basic are used to develop Windows programs quickly.

• Java was developed by Sun Microsystems. Java is based primarily on C and C++. Java includes
extensive libraries for doing multimedia, networking, multithreading, graphics, graphical user in-
terface development, database access, distributed computing and much more.

• The Pascal programming language was designed for teaching structured programming. 

• One important capability of Ada is multitasking (often called multithreading); this allows pro-
grammers to specify that many activities are to occur in parallel. 

• Visual Basic does not directly support multithreading, but multithreaded programs can be created
using Win32 Application Programming Interface (API) functions. The Win32 API is part of Mi-
crosoft Windows and can be used by any Windows program.

• Visual Basic is a Microsoft Windows programming language. 

• Visual Basic programs are created in an integrated development environment (IDE), which allows
programmers to create, run and debug Visual Basic programs conveniently without being Win-
dows programming experts.

• The process of rapidly creating an application is typically referred to as Rapid Application Devel-
opment (RAD). Visual Basic is the world’s most widely used RAD language. 
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• When we write computer programs, we specify the actions we would like the computer to perform
and the order in which we would like the computer to perform those actions.

• Various types of actions are input actions, calculation actions and output actions. 

• We specify the order in which a program’s actions should be performed by using control struc-
tures, namely sequence structures (which specify several actions should be performed one after
the other “in sequence”), selection structures (which enable a program to choose among different
actions to be performed under different conditions) and repetition structures (which enable a pro-
gram to repeat actions until the program determines that no further repetitions are needed).

• It is best to break large programs into sets of small, simple, cooperating components called proce-
dures, a technique called divide and conquer. 

• In Visual Basic programs it is common to store sets of related data items in arrays.

• Words and sentences are represented in Visual Basic as strings of characters.

• Visual Basic can draw lines, arcs, circles, ellipses, rectangles and other shapes. 

• Graphical user interface (GUI) technology made it easier for users to communicate with comput-
ers. People use the mouse to point to things on the screen representing actions the computer should
take (such as opening, saving, printing or closing a file). 

• The process of tracking down and removing errors from programs is called debugging. 

• Visual Basic is used for developing business-critical applications. Mission-critical applications are
still programmed in languages like C and C++. 

• Sequential files are appropriate when you process most or all of the data in a file when you run an
application. Random-access files are effective for transaction-processing systems such as point-
of-sale systems. 

• Object technology lets us work with prebuilt software components. This enables us to build soft-
ware faster, and if we use high-quality components, better. 

• You can build your own ActiveX components and reuse thousands of ActiveX components creat-
ed by other programmers and made available either free or for a fee. 

• ActiveX components make programming more pleasant. They give you access to powerful, reus-
able software components that perform many common software tasks. 

• Component-oriented software construction can be tens or even hundreds of times faster than con-
ventional software development methods. 

• With ActiveX components, you can program in areas in which you have little expertise. 

• ActiveX components are more than just  “raw objects”—ActiveX components are packaged for
ease of use over the Internet. 

• You can build and use ActiveX components interchangeably with any of Microsoft’s key pro-
gramming languages like Visual Basic, Visual C++ and Visual J++. 

• Database technology gives organizations easier and faster access to their information than was
possible with low-level file-processing techniques.   

• Visual Basic enables you to create applications for the Internet and the World Wide Web. 

• The Internet mixes computing and communications technologies. It makes information instantly
and conveniently accessible worldwide. Through ActiveX controls, Visual Basic programmers
can develop powerful Internet and World-Wide-Web-based applications. 

• Application users will soon demand MUIs (multimedia user interfaces). People will be able to
communicate with computers the way people communicate with one another, using relatively
“wide bandwidth” means such as speech, sight and the other senses. With ActiveX controls, Vi-
sual Basic programmers can develop powerful multimedia-based applications. 
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• Arranging data into certain kinds of data structures, such as lists, queues, stacks, trees and others,
can simplify program development and improve program performance. 

• You can build key data structures yourself or you can implement these data structures simply by
reusing Visual Basic Collection and Dictionary prebuilt components. 

• VBScript is a subset of Visual Basic. DHTML is related to HTML (the Hypertext Markup Lan-
guage so crucial to World-Wide-Web-based applications). These technologies are used to create
more interactive and  “dynamic” Web pages. 

Terminology
actions FORTRAN
ActiveX controls graphical user interface (GUI)
Ada graphics
ALU hardware
animation high-level language
Apple Computer HTML (Hypertext Markup Language)
application programming interface (API) IBM
arithmetic and logic unit (ALU) IBM Personal Computer
array input device
assembler input unit
assembly language integrated development environment (IDE)
audio Internet
batch processing interpreter
building block approach Java
business-critical computing keyboard
C Learning Edition of Visual Basic
C++ local area network (LAN)
central processing unit (CPU) logical units
clarity machine dependent
client computer machine language
client/server computing memory
COBOL memory unit
compiler Microsoft
component-oriented software construction mission-critical computing
computer mouse pointing device
computer program multimedia
computer programmer multimedia user interface (MUI)
control structures multitasking
CPU multithreading
data object
database object-oriented programming (OOP)
debugging operating system
decisions output device
DHTML (Dynamic HTML) output unit
disk Pascal
distributed computing personal computing
divide and conquer Powerbuilder
Enterprise Edition of Visual Basic prebuilt components
environment primary memory
event-driven programming procedure
executable Professional Edition of Visual Basic
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Good Programming Practices
1.1 Write your Visual Basic programs in a simple and straightforward manner. This is sometimes

referred to as KIS (“keep it simple”). Do not “stretch” the language by trying bizarre usages.
1.2 Read the documentation for the version of Visual Basic you are using. Refer to these manuals

frequently to be sure that you are aware of the rich collection of Visual Basic features and are
using these features correctly.   

Portability Tip
1.1 Some features of the current versions of Visual Basic are not compatible with older Visual

Basic implementations, so you may find that some of the programs in this text do not work
with older versions.

Software Engineering Observation
1.1 The Visual Basic IDE allows Windows programs to be created without the need for the pro-

grammer to be a Windows programming expert.

Self-Review Exercises
1.1 Fill in the blanks in each of the following:

a) The company that popularized personal computing was         .
b) The computer that made personal computing legitimate in business and industry was 

the         .
c) Computers process data under the control of sets of instructions called comput-

er         .
d) The six key logical units of the computer are the         ,          ,         ,

        ,          and          .

1.2 Fill in the blanks in each of the following:
a) The three classes of languages discussed in the chapter are         ,          

and         .
b) The programs that translate high-level language programs into machine language are

called        .

program throughput
programmer timesharing
programming languages translation steps
random-access file translator programs
rapid application development (RAD) UNIX
repetition structure user friendly
screen VBScript
secondary storage unit Video
selection structure Visual Basic 
sequence structure Visual C++
sequential file Visual J++
server visual programming
software Win32 Application Programming Interface (API)
software reusability Windows
string Windows NT
structured programming workstation
supercomputer World Wide Web



22 COMPUTING  CONCEPTS CHAPTER 1

c) C is widely known as the development language of the          operating system.
d) The         language was developed by Wirth for teaching structured programming

in universities.
e) The Department of Defense developed the Ada language with a capability called 

        , which allows programmers to specify that many activities can proceed in
parallel.

1.3 Fill in the blanks in each of the following sentences.
a) The editions of Visual Basic are         ,          and         .
b) RAD is short for         .
c) API is short for         .
d)          corporation created Visual Basic.
e) IDE is short for         .

1.4 Fill in the blanks in each of the following statements.
a) Visual Basic programs are created in an         , which allows programmers to create,

run and debug Visual Basic programs conveniently without being Windows program-
ming experts.

b)          is the world’s most widely used Rapid Application Development (RAD)
language. 

c) We specify the order in which a program’s actions should be performed by us-
ing          structures, namely sequence structures, selection structures and repetition
structures.

d) The technique of breaking large programs into sets of small, simple, cooperating compo-
nents called procedures is called         . 

e) In Visual Basic programs it is common to store sets of related data items in         .
f) Words and sentences are represented in Visual Basic as          of characters.
g) The process of tracking down and removing errors from programs is called         . 
h)          technology gives organizations easier and faster access to their information

than was possible with low-level file-processing techniques. 
i) Application users will soon demand          user interfaces (MUIs). Once and for all

people will be able to communicate with computers the way people communicate with
one another, using relatively “wide bandwidth” means such as speech, sight and the other
senses.

1.5 State whether each of the following is true or false. If false, explain why.
a) Computing costs have been increasing dramatically.
b) Visual Basic does not directly support multithreading, but multithreaded programs can

be created using Win32 Application Programming Interface (API) functions.
c) The company that performed the pioneering research on graphical user interfaces (GUIs)

was Apple Computer.
d) The preferred language for developing mission-critical applications is Visual Basic. 

Answers to Self-Review Exercises
1.1 a) Apple.  b) IBM Personal Computer.  c) programs.  d) input unit, output unit, memory
unit, arithmetic and logic unit, central processing unit, secondary storage unit. 

1.2 a) machine languages, assembly languages, high-level languages.  b) compilers.  c) UNIX.
d) Pascal.  e) multitasking.

1.3 a) Learning, Professional, Enterprise.  b) rapid application development.  c) application
programming interface.  d) Microsoft.  e) integrated development environment.
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1.4 a) integrated development environment.  b) Visual Basic.  c) control.  d) divide and
conquer.  e) arrays.  f) strings.  g) debugging.  h) Database.  i) multimedia.

1.5 a) False. Costs have been decreasing dramatically due to developments in technology.
b) True.
c) False. It was Xerox.
d) False. C, C++ and Ada are preferred for mission-critical applications.

Exercises
1.6 Categorize each of the following items as either hardware or software.

a) CPU
b) Visual Basic IDE
c) ALU
d) mouse
e) input unit
f) Windows operating system
g) Monitor
h) CD-ROM/DVD player

1.7 Fill in the blanks in each of the following statements.
a)  Which logical unit of the computer receives information from outside the computer for

use by the computer?         .
b)  The process of instructing the computer to solve specific problems is called         . 
c)  What type of computer language uses English-like abbreviations for machine language

instructions?         .
d)  Which logical unit of the computer sends information that has already been processed

by the computer to various devices so that the information may be used outside the 
computer?         .

1.8 Fill in the blanks in each of the following statements.
a)  Which logical unit of the computer retains information?         .
b)  Which logical unit of the computer performs calculations?         .
c)  Which logical unit of the computer makes logical decisions?         .
d) The level of computer language most convenient to the programmer for writing programs

quickly and easily is         . 
e)  The only language that a computer can directly understand is called that comput-

er's         .
f)  Which logical unit of the computer coordinates the activities of all the other logical

units?         . 

1.9 Fill in the blanks in each of the following statements.
a) The most powerful desktop machines are called         . 
b) Information is easily shared across computer networks, where some computers called file

servers offer a common store of programs and data that may be used by client computers
distributed throughout the network, hence the term         . 

c) Any computer can directly understand only its own          language. 
d) Translator programs called          convert assembly language programs to machine

language at computer speeds. 
e) The translator programs that convert high-level language programs into machine lan-

guage are called         . 
f)           is the preferred programming language for scientific and engineering appli-

cations that require complex mathematical computations. 
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g)           is the popular system implementation language that was first used to develop
the UNIX operating system. 

h)         , an extension of C, provides a number of features that “spruce up” the C
language and add capabilities for doing object-oriented programming (OOP).

i) The           programming language was developed by Sun Microsystems, is based
on C and C++ and incorporates features from other object-oriented languages.

1.10 State whether each of the following is true or false. If false, explain why.
a) Sequential files are preferred in transaction-processing systems like point-of-sale sys-

tems.
b) You can build ActiveX components with any of Microsoft’s key programming languag-

es, like Visual Basic, Visual C++ and Visual J++. No matter which of these languages is
used to build an ActiveX component, the component can be used by any of them.

c) The trend in the computer field is to get away from how things are represented in the
computer, and instead, focus on the way information is used in real-world applications. 

d) The programmer’s and user’s time is more precious than the computer’s time. 


